A kinetic study of the photochemical inactivation of adenylate kinases of Mycobacterium marinum and bovine heart mitochondria.
Using incident light energy of about 76 mW.cm-2 in a dye-sensitized photooxidation reaction, we have investigated the possible involvement of one or both of the histidine residues in the catalytic activity of adenylate kinase (ATP:AMP phosphotransferase) of Mycobacterium marinum. We have done this by investigating the kinetics of photochemical inactivation of the enzyme. At pH 7.4, the kinetics of photoinactivation are biphasic with two different pseudo-first-order rate constants. Adenosine 5'-pentaphospho 5'-adenosine (Ap5A), ATP and, to some extent, AMP, all gave protection to the enzyme from inactivation. Amino-acid analysis of the photoinactivated enzyme indicated the loss of the two histidine residues. This, and the fact that photoinactivation occurred faster at alkaline compared to acidic pH, indicated the involvement of the histidine residues in the catalytic activity. A mathematical model is developed which assumes that both histidine residues are required for maximal catalytic activity: one is located peripherally, is exposed, and therefore is readily photooxidized (pseudo-first-order rate constant, k1 = 1.3.10(-2)s-1), while the other is located at the active site, involved in substrate-binding and is shielded (pseudo-first-order rate constant, k2 = 2.9.10(-4)s-1). However, this shielded histidine could be exposed and made more accessible to photooxidation either by raising the pH above 10, or alternatively, by the addition of 8 M acetamide (or 6 M guanidine). Under these conditions, which apparently cause unfolding of the protein molecule, the kinetics of photoinactivation change from biphasic to monophasic, suggesting that both histidine residues are equally exposed and are photooxidized at the same rate. Unlike the enzyme from M. marinum, adenylate kinase from bovine heart mitochondria shows monophasic kinetics of photoinactivation at pH 7.4, suggesting that only one of the six histidine residues is essential for catalytic activity, or if more than one, then they all must be equally exposed. Further, ATP, AMP or Ap5A did not provide protection against photoinactivation, suggesting that the histidine residue(s) involved in the catalytic activity must remain exposed after the substrates bind at the active site of the mitochondrial enzyme.